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INTRODUCTION:

The genetic damage which accompanies the development and progression of
breast cancer has been linked to defects in the DNA replication and repair processes in
these cells. We have previously isolated an intact, stable and fully functional
multiprotein DNA replication complex (designated the DNA synthesome) from a variety
of non-malignant as well as malignant tumor cells and tissues including breast cancer
cells. All of the components necessary for DNA replication, including poly(ADP-ribose)
polymerase (PARP) have been detected in the DNA synthesome. We have shown that
the malignant breast cell DNA synthesome exhibits a 6-8-fold decrease in replication
fidelity relative to the non-malignant breast cell DNA synthesome (Sekowski et al,
1998). In addition, the transformation of a non-malignant human breast cell epithelial
cells to a malignant state is accompanied by a significant alteration in the mobility of
specific protein components of the DNA synthesome (such as proliferating cell nuclear
antigen; PCNA) following two-dimensional polyacrylamide gel electrophoresis (2D-
PAGE) of the replication complex (Bechtel et al., 1998). PARP is a nuclear enzyme of a
molecular weight of 116,000. It plays an important role in DNA replication, repair, and
recombination. It absolutely requires DNA single-strand or double-strand breaks for its
enzymatic activity. This enzyme, once activated, catalyzes the transfer of ADP-ribose
unit from nicotinamide adenine dinucleotide (NAD) to nuclear proteins such as histone
and PARP itself. It has been shown that at least fifteen components of the DNA
synthesome are poly(ADP-ribosylated), suggesting that PARP may play a regulatory role
in controlling the activity and the fidelity of the DNA synthesome (Simbulan-Rosenthal
et al., 1996 and 1998). The unique form of PCNA found exclusively in malignant breast
cells lacks the poly(ADP-ribose) modification which is found in the non-malignant form
of the protein. The goal of this project is to establish a link between the differences in
PARP activity and the alteration(s) in structure exhibited by this protein in both
malignant and non-malignant breast cells.




BODY:

1- PARP was Confirmed to be One of the Components of the DNA
Synthesome:

The DNA synthesome has been isolated and purified from breast cancer MDA
MB-468 cells using a series of steps, which include centrifugation, polyethylene glycol
precipitation, ion exchange chromatography, and density gradient sedimentation (Malkas
et al., 1990; Applegren et al., 1995; Coll et al., 1996; Lin et al., 1997) (Figure 1). P4
fraction (5 ml) containing approximately 30 mg of protein was loaded onto a Bio-Rad Q5
column pre-equilibrated with buffer A (50 mM Tris-HCI, pH 7.5, 50 mM KCl, 1 mM
DTT, 0.1% glycerol, and 1 mM EDTA). The column was then washed with buffer A and
eluted using a gradient of 50-500 mM KCl in buffer A. One-milliliter fractions were
collected. The eluted fractions were then dialyzed into buffer B (20 mM HEPES, pH 7.5,
1.5 mM MgCl,, 10 mM KCl, 1 mM DTT) and aliquots of each fraction were stored at —
80°C.

The various protein fractions (H, S1, S2, NE, P4 and Q-sepharose peaks) were
resolved using 12% denaturing polyacrylamide gel electrophoresis (SDS-PAGE).
Western blot analysis was performed using anti-human PARP antibody (BD
PharMingen). PARP was found to exclusively co-purify with the DNA synthesome
Figure 2A, B).

Mass spectrometric analysis of the DNA synthesome enriched protein fractions
also indicated that PARP is a part of the replication complex core. Each of the protein
bands from SDS-PAGE was cut and analyzed by MALDI and Q-TOF mass spectrometry.
It has been shown that PARP, PCNA, replication protein A (RPA), replication protein C
(RFC), DNA polymerase o, DNA methyltransferase, and FEN1 are components of the
replication complex core (Dr. Suhua Han’s last annual report).

2- PARP is enriched during its Purification from Breast Cancer Cells:

In order to define the kinetic and physical characteristics of PARP, we conducted
chromatographic procedures to purify that protein from malignant and non-malignant
breast cells. We initiated experiments to purify PARP from MCF-7, MDA MB-468 and
MCF-10A cells according to the methods of Jump and Smulson (1980), Ushiro et al.
(1987), and D’Amours et al. (1997). The purification procedure involves affinity
chromatography with 3-aminobenzamide coupled to activated agarose gels (Affi-Gel 10
Gel, Bio-Rad).

a) Preparation of 3-aminobenzamide (3-AB) affinity column:

The Affi-Gel matrix was washed with 5x bed volume of cold isopropanol on a
sintered glass funnel and transferred to a 50-ml conical tube. 15 ml of 50 mM 3-AB was
added to the matrix with gentle agitation overnight at 4°C. The remaining active esters
were blocked by the addition of 20 pl ethanolamine with gentle agitation for 2.5 hours.
The gel was then washed thoroughly with isopropanol. The extent of coupling was




determined by measuring the decrease in absorbance of 3-AB at 280 nM in 0.1 N HCl.
Approximately 50% of 3-AB has been coupled to the activated agarose matrix. The gel
was transferred to the column and washed several times with buffer A containing 50 mM
Tris-HCl, pH 7.5, 1 M NaCl, 10 mM 2-mercaptoethanol. The column was stored in
buffer A containing 0.2% sodium azide.

b) Enzyme Purification:

The first step of PARP purification involved the use of a phosphocellulose
column that dissociated the synthesome and resolved PARP from other proteins.
Cellulose phosphate (Sigma) was regenerated according the following procedures:

1- The resin was suspended in 5 volumes of distilled water overnight. It was stirred
and allowed to settle for 45 minutes. The settled volume was measured and this
was considered the column volume (CV) required to measure the volumes of the
washing solution.

2- The resin was suspended in SCV of 0.05 M NaOH containing 0.5 M NaCl for 10
minutes and the slurry was poured into a sintered glass funnel while applying
gentle suction.

3- The slurry was washed with 5 CV of distilled deionized water.

4- The resin was suspended with 5 CV of 0.75 N HCIl for 10 minutes and was poured
back into the funnel. This was followed by passing fresh 0.75 N HCI through the
bed.

5- The resin was washed with distilled deionized water using at least 9 CV until the
effluent shows a pH=5.

6- The resin was packed into a column and equilibrated with buffer B containing 20
mM Tris-HCI, pH 7.5, 0.3 M NaCl, 1.5 mM MgCl; and 1 mM DTT.

10 grams of MDA MB-468 cells were fractionated to the clarified nuclear extract
(NE). The cytosolic (S1), postmitochondrial (S2), or nuclear (NE) fractions were
dialyzed against buffer B and applied onto the phosphocellulose column equilibrated with
buffer B. PARP was eluted by a stepwise increase in NaCl concentration from 0.3 M to
0.6 M. The eluted fractions (50 pg; 5.6 ug, 1.5 pg, 0.95 pg, and 0.4 pg of the flow
through, 0.3 M, 0.4 M, 0.5 M and 0.6 M phosphocellulose eluted fractions; respectively)
were analyzed by 12% SDS-PAGE and PARP was detected by Western blot analysis
using anti-human PARP antibody It has been found that most of the enzyme was eluted
with 0.5 M NaCl (Figure 3A-C). PARP has been greatly enriched during this step of
purification.

¢) Concentration of PARP protein present in the phosphocellulose peak:

The phosphocellulose-eluted fractions enriched with PARP activity were
concentrated using Centrifugal Filter Devices (Millipore) with a molecular weight cut-off
of 50,000. PARP fraction was applied into the sample reservoir and concentrated
according the instruction manual. 5 pl of concentrated fraction was then analyzed by
12% SDS-PAGE and PARP was detected by Western blot analysis using anti-human
PARP antibody (Figure 4). PARP was further enriched after this step.




d) PARP Affinity Purification:

This will be performed according to Ushiro et al. (1987). The concentrated
phosphocellulose PARP fraction will be applied onto the 3-AB affinity column
equilibrated with buffer B and will be eluted with an increasing concentration of NaCl
(0.8- 1.2 M). The active fraction will be collected and will be applied onto a size
exclusion column for further purification.

3- Two-Dimensional Analyses of PARP from Breast Cancer Cells:

In order to determine the isoelectric point (pI) and the 2-D PAGE mobility of
PARP isolated from breast cancer cells, the nuclear extracts from MDA MB-468 cells
were prepared and analyzed using Bio-Rad Mini-Protean II tube cells (Bechtel et al.,
1998). 30-50 ug protein was loaded onto the first dimension tube gel containing 9.2 M
urea, 4% acrylamide, 20% Triton X-100, 1.6 % Bio-Lyte 8/10 ampholyte, 0.4% Bio-Lyte
3/10 ampholyte, 0.01% ammonium persulfate, and 0.1% TEMED. The proteins were
separated along a pH gradient created using 100 mM NaOH (upper running buffer) and
10 mM H;PO; (lower running buffer). The tube gel was placed onto a 12% SDS-
polyacrylamide gel and the proteins were resolved by molecular weight. The proteins
were transferred to a nitrocellulose membrane and PARP was detected using anti-human
PARP antibody.

Since PARP is a basic protein with a pl value > 9.0, we could not be able to
separate PARP by this method. In order to solve this problem, there were two
alternatives:

1- Using nonequilibrium pH gradient electrophoresis (NEPHGE) according to the
method of Anderson (1988) and Prasad et al. (1999). Proteins will be loaded on
the top of the tube gels and overlaid with 4 M urea to protect proteins from
phosphoric acid, which will be used in the upper reservoir. The lower reservoir
will be filled with NaOH. The electrical leads will be reversed at the power
supply and the gels will be run at 400 V for 1 hour followed by 4 hours at 800 V.
The tube gels will be transferred to 12%SDS-PAGE for resolution in the second
dimension.

2- Using the Bio-Rad IEF cell.

This cell performs the first dimension isoelectric focusing and can provide a

maximum voltage of 10,000 V, which permits better focusing and resolution of

the proteins. In addition, the precast immobilized pH gradient gel strips (Bio-Rad

ReadyStrip IPG strips) were used in place of the first dimension tube gels. These

strips provide reproducible gradients and eliminate the gradient drift that might

occur with the tube gels.

PARP from both the nuclear and cytosolic fractions have been analyzed using the

IEF cell and IPG strips.

- Approximately 100 pg of cytosolic or nuclear fraction were desalted using
the Bio-Spin 6 Tris Columns (Bio-Rad). The sample was concentrated
using a SpeedVac.




- Prior isoelectric focusing, the IPG strips were rehydrated with a
rehydration buffer containing 8 M urea, 1% CHAPS, 15 mM DTT, 0.1%
Bio-Lyte 3/10 ampholyte, and 0.001% bromophenol blue.

- After SpeedVac, the protein sample was dissolved in 135 pl rehydration
buffer and loaded in the sample loading well in the focusing tray. The
IPG strip was placed into the channel tray by sliding it through the
rehydration solution. After approximately 30 minutes, mineral oil was
applied to each channel containing the IPG strip to prevent sample
evaporation during the focusing step.

- Prior to running the second dimension, it was necessary to equilibrate the
IPG strips. Two equilibration steps (15 minutes each) were necessary; the
first step was required to saturate the strips with SDS and the reducing
agent, while the second equilibration step was required to prevent protein
re-oxidation during electrophoresis and alkylates the residual DTT to
minimize vertical streaking.

Our results clearly demonstrated that PARP antibody recognizes one form of PARP
in the nuclear fraction, however, different forms of PARP in cytosolic fractions have
been detected (Figure 5A, B). These forms have similar molecular weight but they have
different pI. Experiments are in progress to check the reproducibility of this pattern of
migration and to detect whether these forms result from either poly(ADP-ribosylation) or
phosphorylation.

PARP isolated from non-malignant breast cells will be analyzed using the same
procedures and the difference in pI and/or 2D-PAGE mobility, if any, will be determined.

PARP purified from malignant and non-malignant breast cells will be digested
with trypsin, chemotrypsin, lysC, and glutC. The resulting proteolytic peptides will be
analyzed using SELDI mass spectroscopy and the profiles of non-malignant and
malignant forms of PARP will be compared. Corresponding peptides from the non-
malignant and malignant PARP differing in molecular weight will be microsequenced
using the SELDI mass spectrometer in order to determine whether the modified peptide
(if any) contains specific amino acids which are phosphorylated or poly(ADP-
ribosylated). In addition, proteolytic peptides from malignant and non-malignant PARP
will be separated using 2D-PAGE, transferred to nitrocellulose membranes, and probed
sequentially with antibodies specifically recognizing phosphotyrosine, phosphothreonine,
phosphoserine, and poly(ADP-ribose) polymer. Recognition of specific peptides by one
or more of these antibodies will indicate that these peptides are phosphorylated and/or
poly(ADP-ribosylated). Comparison of the peptides from each of the non-malignant and
malignant breast cell PARP recognized by these antibodies will indicate whether non-
malignant and malignant breast cells PARP undergo differential posttranslational
modification.

4- PARP Activity Assay:
PARP assay was performed according to the methods of Jump and Smulson
(1980), and knights and Chambers (2001).




The reaction mixture (100 pl) contains 500 mM Tris-HCI, pH 8.0, 250 mM MgCl,, 1 mM
NAD, 10 ug activated DNA, and 1-2 pl 32P_NAD (specific activity 1000Ci/mmol) and
increasing concentration of protein fractions. The reaction mixture was incubated at
25°C for 10 minutes. The radioactivity incorporated into trichloroacetic acid-insoluble
materials was determined by liquid scintillation counting. Preliminary results are shown
in Figure 6. An alternative way to detect PARP activity is by using biotinylated NAD (6-
biotin-17-nicotinamideadenine dinucleotide; Trevigen). This provides non-isotopic
alternative to radiolabeled NAD. Biotinylated NAD will allow an indirect measurement
of PARP activity when biotin incorporation is detected using a conjugated-streptavidin
detection system.




KEY RESEARCH ACCOMPLISHMENTS:

e Phosphocellulose purification and concentration of PARP from breast cancer
MDA MB-468 cells.

e Preparation of 3-AB affinity column for further purification of PARP.

e Analysis of PARP protein from malignant breast cells by 2D-SDS PAGE using
the Bio-Rad Protean IEF cell and IPG strips.

e Analysis of the DNA synthesome and detection of PARP in different steps of
synthesome purification

e Setting up the in vitro PARP activity assay as an important step towards studying
the kinetics of PARP from malignant and non-malignant breast cells

10




REPORTABLE OUTCOMES:

Abstracts:

- Abdel-Aziz W, Han S, Hickey RJ, Malkas LH (2002). Purification and functional
characterization of breast tumor cell poly(ADP-ribose) polymerase.
Will be presented at the Era of Hope Department of Defense Breast Cancer Research
Meeting, Orlando, FL, September 25-28

- Abdel-Aziz W, Hoelz D, Malkas LH, Hickey RJ (2002). Purification and functional
characterization of breast cancer cell poly(ADP-ribose) polymerase.
Accepted for presentation at the 25™ Annual San Antonio Breast Cancer Symposium,
San Antonio, TX, December 11-14
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CONCLUSIONS:

e PARP is confirmed by both SDS-PAGE and mass spectrometric analyses to be
one of the components of the DNA synthesome.

e PARP has been successfully purified by phosphocellulose chromatography. Most
of PARP protein was eluted from the phosphocellulose column by 0.5 M NaCl

e PARP was further concentrated and purified from the 50-kDa proteins by
filtration through Millipore centrifugal Filters. This step of purification resulted in
further enrichment of PARP.

e Two-Dimensional PAGE analysis of PARP from MDA MB-468 cells was
successfully performed using the IPG strips. Cytosolic PARP showed similar
migration pattern to PARP protein present in the nuclear fraction; however,
several forms of cytosolic PARP with different pI have been detected. These
forms might be due to poly(ADP-ribosylation) and/or phosphorylation.

12
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The genetic damage which accompanies the development and progression of breast cancer has been linked to defects in
the DNA replication and repair processes in these cells. We have previously isolated an intact, stable, and fully functional
multiprotein DNA replication complex (designated the DNA synthesome) from a variety of non-malignant and malignant
tumor cells and tissues including breast cancer celis. All of the components necessary for DNA replication, including poly
(ADP-ribose) polymerase (PARP), have been detected in the DNA synthesome. We have shown that the malignant
breast cell DNA synthesome exhibits a 6-8 fold decrease in the replication fidelity relative to the non-malignant breast cell
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in malignant breast cells lacks the poly(ADP-ribose) modification which is found in the non-malignant form of the protein.
In order to establish whether the malignant transformation process is accompanied by an alteration in the syntheome-
associated PARP, the DNA synthesome isolated from non-malignant (MCF-10A) and malignant (MCF-7) breast cell lines
was resolved by 2D-PAGE and the migration pattern as well as the isoelectric point (pl) were determined. In addition, we
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chromatography. PARP has been shown to be enriched during its purification. We are currently comparing the physical
characteristics of PARP isolated from malignant and non-malignant breast cells in order to explain how poly(ADP-
ribosylation) of DNA synthesome components contribute to the observed decrease in replication fidelity.
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Figure 6: PARP Activity Assay. The reaction mixture (100 pl) contains 500 mM
Tris-HCI, pH 8.0, 250 mM MgCl,, | mM NAD, 10 ug activated DNA, and 1-2 pl
32p_NAD (specific activity 1000Ci/mmol) and increasing concentration of protein
fractions. The reaction mixture was incubated at 25°C for 10 minutes. The
radioactivity incorporated into trichloroacetic acid-insoluble materials was
determined by liquid scintillation counting. Control experiments were carried out
in the absence of PARP.




